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BINDING f\CTIVITY OF TilE 
TUBULIN- 3H- COLCHICINE COMPLEX 
l-tenjor T. Unlap 47 pages 
Directed by: F . R. Toman, L.P. Ellio'.,: t, E . J. Iloffman 
and M. R. Iiouston 
Department of Biology \'le~ te rn Ke ntucky University 
Microtubules. isolated f rom bovine brain. were used to 
study the effe ct ('If ultraviolet radiation on t he tubu lin- 3u-
colchicine complex and the polymerizing ability o f th i s com-
ple v to in t act and disrupted microtubu l c s. Dissociation of 
thl. ..... complex was obse rve d O\f-on ultraviole t ir r adiation and 
cont i nued to p rogress as exposure time inc reased. The bind-
ing of t h is complex to intact microtubules prior to irradia-
tion did not seem to e nhance its stability to ultraviolet 
radiation. There wa s a signi ficant difference observed at the 
0.05 level be tween the binding of the tubulin- 3H-colchicine 
complex to micro tubules in mechanically disrupted and control 
samples. Statistically, there was no significant difference 
observed between the binding of tubulin- 3H-colchicine complex 
to microtubules in sonicated and control samples. A slight 
diffe rence in the electrophoretic mobilities of the alpha and 
beta tubulins was obse rved upon e l ectrophoresis of bovine 
brain microtubule preparations. Various microtubule prepara-
tions exhibited different binding levels to 3H-Colchicine 
depending on their degrees of purity. The purer samples ex-
hib ited higher binding levels than the less pure samples. 
vi.l.i 
INTRODUCTION 
l-licrotubules are discrete filaments fOU:ld primarily in 
e ucaryotic cel ls. These organelles a r e an important part of 
the cell because they are involved i n such vita l cel lular 
functions as ce ll shaping, receptor site distri but ion , 
c ytokinesis . mitosi s a nd axonal transport. S~nce these 
organelles a r e involv~d in such crucia l cellular functions . 
the y have become an area of hig h research interest. 
Earlier research findings have shown t ha t microtubu l~s 
could be disrupted by various physica l factors such as co l d 
temper a tu." ~ (Barber and Cal lan, 194 3: de Hanten and Dustin , 
1960 ) a nd hydro static pressure (Pease , 1941: Zimme rman a nd 
Harshall , 1964) and by chemica l agents such as colchicine. 
podophy llotixins, vinblastin, griseofu lvin and many o thers 
(Buche r, l~39: Dustin. 19 34; Oppen heim et a I. , 1973). These 
:n i c r otubule disruptors have come to be very useful in micro-
tubule research and have contributed to the elucidation of 
the structure and functions of these organe lles. 
Colchicine, an aromatic compound isolated from 
Co lchicum automnale. has bee n used widely in microtubule 
research due to its specificity as a microtubule poison. It 
accomp lished microtubule disruption by binding tightly and 
specifically to the climer. a protein dimer of which the 
microtubule is comrosed (Venti11a et al., 1972; Weisenberg, 
1972; W~i senberg e t al., 1968; Wilson, 1970). This binding 
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results in the formation of the tubulin- 3H-colchicine complex 
and thus the inhibition of microtubule assembly. 
This research was initiated with two objectives: (l) 
to determine the polymerizing ability of the tubulin-
colchicine complex and (2) to dete rmine th~ stability o f 
the tubulin- colcnicine complex to ultraviolet radiation 
(254 nm). 
REVIEW OF LITERATURE 
lIicro tubulcs 
Microtubule s are proteinaceous organelles ~ound in 
eucaryotic cells. They are by no means restricted to 
eucaryotes. Roberts and liyams (1979) indicated that micro-
tubules arc also found in parasitic spirochetes such as 
Diploxalyx, Pillotina and 1I0llandian . l\ study conducted 
a few years later substantiate d these findings (Narquilis 
et al., 197 8) . Gross studies of t hese organelles we re done 
prior to th0 e arly sixties but th 
epoxy embeddi ng, ;;' !'.tJ negati ve stai nin g of sections have 
made the study of tI"~~"se orqanelles in fine detail 
possib l e. 
Dimensions 
The structure of microtubules has been elucidated by 
electron microscopy using various methods which include 
thin sectioning . negative staining . and freeze fracturing. 
'fhe use of X-ray diffraction of pUI"ified microtubule pre-
parations has also aided in studying the structure of these 
organelles. 
Thin sectioning studies have shown that the outer 
diameter of microtuLules range from 18-30 nm. The most 
frequently used value is 24 nm. It has been postulated 
that the variacility in size may actually be due to 
differences in size of microtubules. This variability could 
also be attributed to the effec t of shrinkage during fix-
ation (Roberts and Hyams, 1979). 
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Several x-ray diff raction studies on brain mi crotubules 
have revea led the outer d i.lll"Ctcr to be 30 nm and the inner 
diameter to be 14 nm (Cohe n et al., 1971, 1975 ; Handelknow 
e t a1., 1977). The outer diameter of 24 nm obtained f rom 
thin sectioning studies may therefore be attributed to 
shrinking and dehydration of the sect ions studied. This 
conclusion was supported by the results of a study which 
involved comparing the size of bacteriophage heads ob tained 
by x-ray dif fraction of hyd rated specimens and e lectron 
microscopy of sec tione d mat~rial. The results i ndicated 
that the bacterioph~~G heads studied i n th~ latte r case 
had shrunk by 20-30 % (E5rnshaw ct al . , 1978). The value of 
30 om for the outer d iameter obtained from x-ray diffraction 
studies is in agreement with the range (27-32 nm) obtained 
for microtubules embedded in negati ve stain on a support 
film (Gall. 1966). The re~ults of the two p r e vious studies 
indicated therefore that the two procedure s produced very 
little shrinking o f the samples studied and that the outer 
d iameter o f microtubule s may actually be 30 nm. 
Subunits: Tubulins and Pro tofilaments 
Microtubule s are polymers of proteins, the major one 
bei ng tubulin. Tubulin occurs as a heterodimer consisting 
of two monomers called alpha and ~ tubulins wi th each 
monomer having a (~"')lecular weight of 55,000 (Bryan and 
\oJilson, 1971; Olmstead et al., 1971; Luduena and Woodward, 
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1973: Luduena et al .• 1977). The proteinaceous nature of 
these tubulins was first detected by Be hnke and Forc r (1967) 
who took microtubules from various source s and t e sted the ir 
stability a gainst papain. The y found that papain destroyed 
the s e microtubules. some faster than o thers . Sh c l anski 
and Taylor (196B) showed that a l~ and ~ tubulins a r e 
acidic in nature . 
Polyacrylamide ge l e l ec trophoresis of tubu l in prepa ra-
tions showed two close l y r e l a t ed bands wi th the be ta subuni t 
having the greater e l e ctrophoretic mobi li ty (Bryan and 
~"ilson, 1971). The separation of these tubulin subunits 
resulted from a diffe r ence of charge . The amino ac ids in 
t he two subun i ts :K ":' I: O been sequenced and fo und to be vcry 
closely related (Luduena and ~·loodward . 197 3 . 1975). The 
seq uenced tubulin c were from two different sources: ch icken 
brain and se a - urchin egg . Even t hough these two species are 
wide ly separated phylogenetically, the re were no differences 
found in the f irst 24 N-terminal amino acids. The alpha and 
beta tubul i ns do differ in their location o f COlc:licine . vi n-
blastine . and guanine nucleotide binding sites and by the 
location of latera l and longitudin31 sites that are essential 
for their assembly into lubules. The two subunits can also 
be diffe r e ntiate d by phosphorylation; beta tubulin is specif-
ically phosphorylated and tyros ina ted by ATP-depende nt tubulin-
tyrosine ligase which will attach a tyrosine molecule to the 
N-terminal o f the beta tubulin. 
Tubulin dimers. 5 nm in u iameter, polymerize to form 
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linear st : ~ctures called protofilamen t s (Andre and Thie ry, 
1963; Ga ll , 19 66 ; Grimstone and Gibbo ns, 1966). The number 
of proto filaments making up a l:licrotu!Ju l e :;a3 tho ught to va ry 
from 10 to 15 , but with the adve nt of negative staining t he 
number most often found is 13 . The protofilaments are 
arranged helically with a pitch of 10-25 deg r ees fo rming the 
wa ll of mic rotubules (Burton, 1966). Modern studies, employ-
ing the use of tannic acid, have s hown that varyi ng numbers 
of proto filaments making up microtubules are possible. For 
ins t ance , microtubules with 15 protofi l aments have be0n 
observed in ~ cockroach (Naganu a nd Suzuki , 1975) , 16 proto-
filament mi~ :otubules have been found in the crickett (Kaye . 
19 70), and micro t ubule s wi~~ less than 10 protofi l aments 
have been ob se rved in protozoan axopodia (Cachon and Cachon, 
1974) . 
i-lic ro tlbu l e LJ i sruptors 
The effec ts o f s ever al physical and c hemica l agents on 
microtubules have been studied. The results of the s e studies 
are essential since they give information about the the rmo-
dynamics o f microtubule assel~ly and also useful information 
concerning the stru~ture. function, and chemical properties 
of microtubules. 
Cold Tcmp..:L"a tu !"c 
The effec t of temperature on variou~ spec ies has been 
known sinc.e 1890 whe n Hertwig (1890) found that cold t em-
e rature arrested mitosis. In an article written by Bucciante 
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(1929) and quoted by Pierre Dustin (Dustin, 1978), it was 
stated that chicken f ibroblasts appeared binucleated when 
cooled to O°C during anaphase. This temperature effect was 
believed to be attributed to the destruction of spindle 
fibers. The effects of cold temperature (3°C) on the epi -
thelia l cells of Triturus vulgaris was fou nd to be identical 
to those of colchicine. Olmstead and Borisy (1973) found 
that the assembly of tubulins into ~icrotubules is inhlbited 
by cold temperature. Behnke (1967) observed that blood 
platelet mic rotubules disappeared at ODC and reappeared after 
t he platelets were re-warmed. The same effect of co l d 
temperature was fou nd in He liozoa (Tilne y and Porter, 1967). 
]n this study , axo!:·~ ,;.J:e of !\ctinosphaerium were studied .Jnder 
warm an~ cold t empelatures . It was found that axopods lost 
their mi crotubules under cold temperature (4°C) and that 
microtubules appeared after the axopods were re-warmed. 
Hydrostatic Pressu r e 
Hydrostatic pressure of varying magnitudes have been 
shown to disrupt microtubules from different species. Kennedy 
and Zimmerman (197) found that hydrostatic pressure of 7,500 
and 10,000 psi will disrupt the cent ral ciliary microtubule 
of Tetrahymena. Later studies have shown that the effect o f 
hydrostatic pressure on microtubules may be species r ela t ed . 
In a study conducted by O' Connor et a l (1974), neurotubules 
from nerves of Rana pipiens were f ound to be reRistant to 
pressures as high as 10,000 psi. Similar pressures did not 
affect microtubules polymerized from purified tubulin of cow 
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brain. The hydrostatic pressure effec ts have a lso been 
shown to be somewhat t emperature related (Enge lborghs e t al. , 
1976) . In this study rat brain microtuhules were found to 
unde r go compl e t e dissocia t ion on l y at 25°C . 
Hydrostatic p ress ure as low as 2, 00 0 ps i has bee n 
s hown to affect mitosis . Chromosome movements were retarded 
at 2,000 psi and completely arrested at 4,000 psi (Zimmerman 
and Marshall, 1964). Thei r study confi lomed he resu l ts o f a n ea r-
lier study which s howed that the spindle fibrils i n the 
eggs o f Urechis ~ were no longe r observed at 3 , 000 psi. 
Chromosome movements were retarded at 3,000 psi a nd com-
plete ly blocked at 6,000 psi. 
Ultravio let ~ad i ation 
The effectS o f ul ttOaviolet ('JVl radiation on micro-
tubules have been studied in general. Most of the studies 
were done on mitotic spindles using an ultraviolet microbeam. 
Expe rimental r esults indicat~d that irradia tion of the 
mitot ic spindle with the UV microbeam at a controlled dose 
produced a local ized area of r educed birefringence in the 
spindle fibers . Indications are that at least 30-50% of 
spindle biref ringence is of microtubule origin which means 
that UV radiat ion like ly has somewhat of a destructive 
effect on microtubules ( Forer. 1965; Forer and Zimmerman, 
1976). The same study was carried out on the spe rmatocytes 
of the crane-fly Nephratoma saturalis. The results indicated 
that irradiation of a loca lized area of the mi totic spindle 
lead to a temporary loss of bi refringence and mitosis (Forer, 
1966). Two more direc t s tudies on the effect of UV 
radia tion on spindle micro~ubules have shown that rapid 
disassembly o f spindle microtubul~s occurred within a few 
seconds of irradiation (Bajer, 1968; Zirkle, 1970). 
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Irradiation of the colchicine-tubulin complex with UV 
radiation has been shown to cause the conversion of colchi-
cine to lumicolchicine , a nd the colchicine binding site was 
partial ly destroyed (Amerhein and Filner, 197 3) . A lipid 
complex, perhaps a part of the tubulin molecule. has been 
observed to be liberated upon ir rad iation of the co lchic i ne -
tubulin complex with UV radiation (366 nm). This lip id 
complex is believed to combine wjth an inte rmediary product 
t o form lumi co lchicine win:::'" i s inactive in int- t h i ti o n of 
microtubule assembly (Wilso n 'c t al.. 1974; Bryan , 1972), 
Colchicine 
The tubulin dimer is known to interact with such anti-
mitotic drugs as daunomycin (Na and Tlmasheff, 1977). 
vinblastin, podophy lotoxin, and colchicine (Wilson e t al., 
1974). These chemical agents have similar effects on 
mitotic spindles but colchicine appears to be the most 
specific microtubule poison acting on all types o f cells i n 
both animals and plants. 
Colchicine is an alkaloid found in Colchicum automnale 
and has also been found in some plants of the Liliaceae 
family. This substance has been used as a medicine to treat 
gout since the 18th cen ~ury (Rodan and Benedek, 1970). Prior 
to the end of the 19th century, many cases of colchicine 
, 
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poisoni ng we~e observed. The diagnos tic symptoms appeare d to 
be diarrhea and intestina l ulcerutions. In a study conducted 
i n 1889 by Pernice and quoted by Dusti n (Dustin . 1978). the 
effect of colchici ne on dogs appeared to be limited as t o the 
ge rminative zones of the small intestine . as ev ide nced by the 
pr ominence of arrested mitosis in t he c e ll s of th e i ntestine . 
That effect on mi tosis was attributed to the fact that 
colchicine will oind to t he microtubu l cs of the mitot i c 
spindle (Dorisy and Taylor. 1967). a nd that the b i nd ing of 
colchicine to l ubu l i n has an i nhibitory effect on micro-
tubule assembly (Borisy and Olmste ad . 1972). 
Colchicin"'! i s an aromati c compound containi ng t hree 
rings (Fi g ur~ 1, . In order for it ~? be ac ti ve . co lchicine 
must have the fcl lowinq two characteristics: (1) there has 
to be at leas~ one methoxy g roup on ring A and (2) ri ng C 
must be a seven membered ring possessing a methoxy group 
whi ch can be rep laced by a thi omethy l g roup (Dustin. 196 3) . 
The use o f cOlchic i ne as a t'e s earch tool was e nhanced by 
Tay lo r who introduced the use of colchicine labeled with 
tritium on the methoxy group of ring C (Taylor, 1965). The 
use of tritiated colchicine as a research tool has enabled 
researcher s t o study microtubules in finer detail than before. 
Colchicine, even at low conce ntrations (less than lO-6M), 
will inhibit microtubule formati on (Oppenheim et al., 1973; 
Bucher, 1939; Sluder, 1976; Borisy et al., 1972). The inhibi-
tion is possible since the tubulin dimer has one binding site 
f er colchicine (Wei s e nbe r g ct al., 1968; Wilson and Friedkin, 
11 
Figure 1 . Structur.e of ~o lch icine . 

12 
1967) which is freely r e versible , stere ospecific, and t empe r-
ature sensitive (Bryan, 1972) . The binding of c olchicine 
p r e vents asse mbly and appears to be non-covale nt si nce 
unaltered colchicine could be re-isolated from the t ubulin 
dimer upon extraction with organic solve nts O,' j 150n and 
Friedkin, 1967). 
The question of whe ther ~r not colchicine will act on 
assembled microtubules still r e mains a matter o f controve rsy. 
Past studies have shown that asse mble d microtubules have very 
low affinity for colchicine (Wilson e t al., 1974; Wilson and 
Meza, 1973). Their results indicated that preformed micro-
tubules were resistant to colchicine since the binding sit~s 
on the tubulin d :> ro:.': Jr ~ were probably not expose d. 1\ contr a -
uictiC"n, howeve r. i s .1ppare nt. since not all assembled 
microtubules are resistant to colchicine. The only ones 
resistant to colchicine are those found in cilia and flag -
e lla (Wilson et al .• 1974) and those found in the marg inal 
bundle of nucle ated erythrocytes and thrombocytes (Behnke. 
1970; Behnke and Forer, 1967). The resistance of these 
microtubules to colchicine could be explained by their slow 
turn- over rate s as opposed to the rapid turn - over rate of the 
mitotic spindle microtubl1les which are very sensitive to 
colchicine. 
Another possible answer to the aforementioned question 
could be that the tubulin comprising microtubules exists in 
two forms, one form binds colchicine and the other is 
resistant to co:'chicine (Kirsl;"hner et al., 1974). Another 
answer could be that colchicine binds to the growing end of 
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a microtubule thus preventing the further addition of tubulin 
diroors to the growing end n'Hlson, 1975). This reasoning is 
substantiated by the results of a study which showed that 
Chinese hamster fibroblasts, after being treated with 
colcemid, grew an increased number of cilia which were shorter 
th an no rma l in leng th (S t ubblefield and Brinckley , 1966). 
The most probable answer to the previous ~uestion 
considers the arrangement of microtuhules in cilia and 
flage lla . These microtubules are arranged in doublets. This 
arrangement involves different orientation of the tubulin 
dimers from those in single mic ro tuhules and this orienta-
tion probab ly confers protection upon the colchicine site 
(b ::'!l.i\ke and Parer, 1967; RC' hnke, 1970; Amos and Klug, 1974). 
The g~}::;truction of microtubules upon the addition of cOlchi-
ci ~e could therefore be the consequence of a block in their 
assembly (Dustin, 1978). 
t-tATERIALS AND t-1ETHODS 
Chemica ls 
lH-Colchicine was obtained from NC'· .... England Nuclear 
Co. Morpholino e thane sulfonic acid (t-ffiS), ethyle neg lycol-
bis-(D-aminoethyl ether) N,N'-tetraacctic acid (ECTA), 
guanosine tr.iphosphate (C"'P), dimethyl sulfoxi de (DNSO}, and 
2,S-diphenyloxazole (PPO) were obtained from Sigma Chemical 
Co. 
Microtubule Isolation 
A br. ' i nc sk ull was obtained from a local slaughter 
house within an hour after slauyhter. A V- shaped incision 
was made abov~ the foramen m~gnum and a 100 9 portion of 
brain was removed. "'embraneous tissues and blood vessels 
were removed from the brain sample, and it was p laced in a 
Waring blender containing modified microtuble medium (f-lTt-'). 
t-1TM was composed of 50% glycerol, 10\ DMSO, 30 % distilled 
water , 5\ of 100 mM MgCI2 , and 5% of 100 mM MES and repre-
sents a n~dification of the medium described by Filner and 
Behnke (l97l). The brain sample was homogenized, at low 
speed, for 15 sec . The homogenate was placed in a pre-
cooled dissecting bowl and cooled to 5°C within a minute. 
The co~led homogenate was transferred to a Sorvall Super 
Speed RC2-B centrifuge and centrifuged at 16,300 x g at 4°C 
for 15 min. The pellets were discarded, and the supernatants 
were combined and filtered through four layers of cheese 
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c loth. 'rhe fil trate was centri fuged for an hour at 39,000 
x 9 at 4°C. Separate pelle ts we re s uspended in 5 ml o f MTM 
and syringed through ~ln 1I:J G hypode r mi c needle t o e nsure 
homogenei ty. The supernatants we re combined and centri f uged 
in an International Preparative Ult racen trifuge (Model 6- 35) 
at 110,00 x g for 2.5 hr. The pe llets were again re- suspended 
in t-!TH a nd syringed for homogenei ty. The supe rnatants we r e 
combined and stored in the refri gera t or. 
t-ticrotubule Puri fication 
One milliliter of 100 rnf.l EGTA and one milliliter of 
100 ~~ GTP were added to 100 ml of supernatant (110,000 x g). 
This mixture was incubated at 37 °C fo r 1.5 hr in a water bath. 
After i ncubati on, the mixture was ce ntri f uged at 110,000 x 9 
for 2.5 hr. The supernatants were discarded, and the pel l ets 
were combined and homogeni zed in MTM as previously described. 
A 25-ml q uantity o f the homogenate was remove d and placed in 
a depolymerizing medium containing 1. 25 ml of 100 mt4 MgC12 , 
22 .75 ml of 100 mN l-tES, 25 ml glycerol, and 76 ml distilled 
water. 'I'his mixture was incubated in a wate r ba th for 1. 5 
hr at 37·\. and the n ce n·trifuged at 110,000 x 9 for 2.5 hr. 
'~he supe rnatants were discardf:d and the pellets were re -
s uspended in MTM as befo re . Thi s e ntire procedure was 
repeated three times to ensure purity. 
Coating of Elec tron Mi croscope Grids 
A 0.75\ formvar solution was prepared in a 250 ml film 
caster by dissolving 0.75 9 of formvar in 100 ml of chloro-
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form. After standing for 24 hr, this solution was used to 
coat grids in the following manner: Formvar was pumped onto 
a clean slide and allowed to air dry for three minutes. Doth 
sides of the slide were cut along the edges with a sharp 
razor blade and breathed upon three times. The slide was 
held perpendicularly to the surface of distilled water in a 
dissecting bowl and lowered gently until the formvar film on 
~ach side separated from the slide and f loated on the water 
surface. Grids were placed, with their shiny side up, on 
the formvar films. The coated grids were removed from the 
water surface by nlacing a clean slide on top of each film 
and lifting it gent ly out of the water. The films were 
allowed to dry o'ler r.::"lht . 
Preparation of Electron t-1icroscope Grids 
A small drop of microtubule preparation was placed on 
the rough surface of the g rid and allowed to stand for 10 
sec. A paper towel was used to blot off the excess sample 
l eaving a thin layer of microtubule preparation on the grid. 
The thin layer was stained with a drop of 1.0 % uranyl acetate 
for 29 sec. Excess stain was removed and air-dried for a 
few minut es befo r e it was vie .... ·ed under the e lectron micro-
scope. Viewing of microtubule samples under the electron 
microscope was done in order to ascertain the p resence of 
mic rotubules. 
Protein Determination 
The protein content of each microtubule preparation was 
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determined by the method of Wadde ll as modified by Murphy and 
Kies (1960). Twenty ul of each preparation was diluted 300-
7000 fold using 5 mM phosphate bu ffer (pH 6.5). The UV 
absorbance was determilled at 215 and 225 nm usiny a Bausch 
and Lomb Preci ~ ion Spectrophotometer . Protein concentration 
in each preparation was calculated using the following formula: 
C = A/K where C is the e xtinction coef f icie nt (0.00486) for 
the particular spectrophotorncter used; A is the change in 
absorbance; and K is the protein concentration in ug/ml . 
Binding Activity Assay 
The amount of tirnc required ~'or maximum binding of 3n_ 
colchicine to ': ~bulin ;'/as determined by taking 0.8 ml of each 
microtubule preparation and :?lacing it in a test tube con -
taining 1.9 ml of 5 roM MESMg, 0.15 ml 3u-colchicine (30 uCi), 
and 0.15 ml of 20 mN GTP in 5 roM MESMg. At IS-min intervals, 
a 0.2 ml aliquot was removed and placed in a test tube con-
taining 0.01 ml colchicine (10 mM) and 0.2 ml of a DEAE 
cellulose slurry. The slurry was prepared by adding 10 g of 
DEAE cellulose to 100 ml of 5 roM MESMg. The b inding activity 
for each incubation mixture was determined by removing 0.1 ml 
of e ach mixture and filtering it through a 20 mm millipore 
prefilter (AP2002000). The filter was rinsed five times with 
5 ml of MES buffer which was prepared by combining 5.85 g 
~IES, 12.0 ml MgC12 (100 ,""), 300 ml glycerol, and 300 ml 
deionized water. The fi lter was removed ~~d placed in a 
scintillati~n vial with 10 ml scintillation fluid, and the 
radioactivity was determined. 
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~uid_ Scintillation Counting 
The 311-activity in counts per minute (cpm) was deter-
mined by placing 0.1 ml of each sa mpl e in a 20 ru l scint il lat ion 
via l containing 10 ml of scin t i llation f lu id . The scint il-
lat ion f luid was pr epared by combinin~ 4.0 9 of 2 , 5-
diphenyloxa~ole (PPO), 0.19 of 2 , 2 '- p- phcnyle nc bis-
(S-phenyl) oxazolc ( POPOP), 330 ml of trition x-IOO , and 
670 ml of toluene in a teagent bottle . The activity was 
determined using a Beckman Liquid Scintillation Coun ter 
(Mode l LS- 100C). 
Isolation of Tubulin- 3u-colchicine Compl ex 
F(J"; '-: g rams of Sephadex G 100-120 were swolle n o ver-
night and under vacuu:n i n 25 \ g lyce r o l NESMq bu ffer at pI! 
7.0. This ~lurry was used to prepa r e a 3 x 46 em column 
wh ich was equilibrated with 50 % glycero l / t-lES l-lg buf fe r . A 
3.0-ml microtubule i ncubation mixture, consisting of 0.3 ml 
purifi e d microtubule preparation, 0.15 ml of 3H-colchicine 
( 30 uCi), 0. 6 ml of 20 mt-l HESMgCTP, 0 .6 ml of g l yce rol, and 
1. 35 ml of MESMg, was placed on the col umn and e luted with 
50 \ g lyce rol/"~SMg buffe r. Fractions of 1 ml we re collected 
using an Instrumentation Specialties Company Fraction Collector 
(Mode l-272). 3H-Colchicine activity in each fraction was 
dete r mined by liquid scintillation counting as previous Iv 
described. Fractions found to contain tubulin- 3H-colchicine 
complex were combined and stored in 50\ glycerol in the 
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!ne Effect of UV Radiation on Tubulin- 311-colchicine Complex 
Three -ml samples of the tubulin- 3H- co lch icine complex 
in IO-ml beake rs were irradiated for different l e ng ths of 
time with UV radiation (2 54 nm). The UV radiation sou rce 
was located 40. 6 em above the samples. After irradiation , 
each sampl e was p l aced on the Sephadex column and eluted 
with 50\ g lyce rol MESMg buffer. The effect of UV radiation 
on the comp l ex was ~etermined by the amount of dissociation 
to f r ee 3H- colch icine . 
Effect of UV Radiation on the Binding of Tubu l i n- 3J1 - co lchicine 
Compl ex to Microtubules 
Incubation mixtures consisting o f 0. 8 ml of pu r ified 
mic.rotubules, 0.8 ml of tubulin- 3H-colch ici ne compl ex, 0.71 
ml of g .1 ycerol, 0. 02 ml of EGTA (20 mM). 0.06 ml of GTP (5 
mM) , and 0 .34 ml of MESHg buffer were i ncubated at 37°C in a 
wa t er bath for 1 hr. After incubation. the incubation rnix-
tures we r e irradiated with UV r adiati on (254 nm) a t a distance 
of 40. 6 cm for 90 min . Following irradiation. the binding 
activity fo r e ach incubation mixture was de t ermined in the 
same manner previously described. 
Hicrotubule Disl'uption 
Disrup tion of microtubules was done ei ther by sonication 
or by mechanical disruption using a 27 G hypodermic needle. 
Sonication of purified microtubules was accomplished using 
a Brans on Sonifier Cell Disruptor, Model Wl20D (He at System 
Ultrason l.cs, Inc.) at a maximum output of 42 W for 15 sec , 
30 sec, and 15 min. The sonicated microtubules we r e in-
c ubated with tubulin- 3H-co lch i c ine compl ex i n t he same 
manner as previously described. After incubation, 0.1 ml 
of the mixture was filtered th rough a 20 rnm millipore pre-
fi lter as described previously. 
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Nicrotubules were mechanically dis rupted by syri ngi ng 
for 2 min through a 27 G hypodermic needle . Binding of t he 
microtubule to tubulin- 311-colchicine comp l £:x was de te rmined 
as previously de scribed. 
50S-Gel El ec trophoresis 
Elect rophoresis was carried out according t o the method 
of Laemli (1970). Gel plates (14 x 17. 5 em) were a sse mbled 
us i ng plastic spacer strips, one on each side and one on the 
bottom, with vaseline as sealant. The p l ates were he l d to-
gether by large paper clamps, one on each side and one on 
t he bottom. Separating ge l (pH 8.8) was prepared in a 120 
ml Erlenmeyer side-arm f l a sk by combining 10.61 ml of dis-
ti lled water, 4.33 ml of 30 % acrylamide/0.8\ bis stock 
solution , 5.0 m1 4X-concentrated separating buffer, and 15 
~ l of tetramethylethylenediamine (TEMEO). This mixture was 
jeaerated for 30 sec and polymerized in the assembled gel 
plat es using 60 ~ l of 10 % persulfate as a catalyst . The 
30 \ acrylamide/0.8\ bis stock solution was composed of 30.0 
9 acrylamide, 0.8 g methylene b i sacrylamide, a pinch of 
activated charcoal , diluted to 100 ml with distilled water 
and filtered through no. 1 Watman paper. The 4X-concentrated 
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separating buffer was made up o f 18.79 of Trishydroxy-
me thy l aminoethane (Tris), 4.0 ml of 10 \ 50S stock solution, 
2-4 ml of concen tra t ed Ile l and di luted to 100 ml wi th 
dist illed water. 
Stacking ge l (pH 6.8) was p repared i n a 120 ml 
Erlenmeyer side-arm flask by mixing 6 . S ml of distilled 
water , 2.5 ml of 4X-cancentrated s t acki ng b uffer , 1.0 ml 
of 30\ acrylamide/O.8 \ his stoe;: solution . 10 II I TEMED , 
and 30 ~ l of 10 \ persu l fate. The 4X-cancentrated stacking 
bu ffer was made up o f 6 .06 9 of Tris, 4.0 ml of 10 \ 50S 
stock solution, 2.4 ml of concen trated Hel and diluted 
to 100 ml with distilled wate r . Afte r a comb was posj tioned 
abOVe t he separating ge l, the stackin g ge l was poured and 
I p.f t t o po lymerize . 
Af t e r both gels we re polymerized, the comb was removed 
carefully. The bottom s pace r s trip was r emoved and t he 
ge l plates were inserte d into the e l ec trophoretic appa r a t us 
and clamped to backing which was coated with vaseline. The 
bottom and top rese rvoirs were filled with lOX-concentrated 
rese rvoi r buffe r (pH S.)} which was prepared by combining 
121 . 2 9 of Tris, 576 . 4 9 of glycine, and 40 g of 50S in a 
reagen t bottle and diluted to 4 1 with distilled wate r . 
Air bubbles were remove d from the bottom of the gel slab 
with a 10 cc syringe with a bent, blunted 20 G hypodermi c 
need l e . 
Microtubule samples were prepared by mixing equal 
amounts of s ample and 2X-concentrated buffer which was 
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composed of S.O ml of 4X-conccntrated stacking buffer, 8.0 
ml of 10 % 50S, 6.0 ml of g lyce rol. 0.4 ml of 0.1 % bromophenol 
blue, and 1 . 0 ml of 2-mercaptoethanol. These were prepared 
in 1. 5 ml s e lf-capping plastic tubes and stored in the 
freezer at -leGe. 
Proteins were denatured by immersing the self-capping 
tubes in boiling water for 2- ) min . A Helena 5-50 ul Hand 
Pipetto~ with a Leur-end Catheter cut off to about 8 em was 
used to place the samples into the wells. After the samples 
were in the wells, the electrophoretic apparatus was connected 
to a power supply and run at 25 ~\ until the tracking dye 
reached the bottom of the separating gel. The plates were 
takc ~ from th~ apparatus and the gels removed. The stack-
ing gel was discarded but the separating gel was placed in 
15 ml of fixin g solution (25 \ isopropanol and 10 % acetic 
acid) and left overnight. The gel was removed and stained, 
2-10 hrs, with coomassie blue composed of 10 \ isopropanol, 
10 \ ace tic acid, and 0.025 -0 . 05 \ coomassie blue R-250. The 
gel was destained in 5\ acetic acid solution which was 
changed 2-3 times or until the protein bands could be seen 
clearly. 
Statistical Analysis 
To determine whether or not there w~s any significant 
difference between the observations, statistical analyses 
were carried out. One-way analysis of variance with the use 
of a ~an separation technique, LSD, and Student t test were 
used to determine the e ffects of each treatment (Steel and 
Torrie, 1980). 
RESULTS 
Pellets Obtained from Centrifugation 
Pellets were saved a f ter each step of centrifugation 
dnd desi gnated with the proper number of thousand rpm. 'rhe 
pellet from the 16,300 x 9 (10,000 rpm) was designated lOp, 
the one from the 39,000 x 9 (18,000 rpm) was designated lap, 
and that from the 110,000 x 9 (35,000 rpm) was designated 
35p. The pellets obtained after repolymcrization-depoly-
rnerization-repolymerization were abbreviated ROR followed 
by ."\ number designating the number of cycles. The RDR 
pellets we~e obtain ~J by centrifugation at 110,000 x g. 
Protein Determination 
The protein content of the ISp was found to be 54.45 
~g/ml. The content of the 35p was found to be 49.01 ~9/ml 
and that of the ROR-3 was found to be 38.89 V9/ml. Each 
number is an average of two values taken a few minutes apart. 
Electrophoresis 
Figure l shows the 50S-gel electrophoretic mobilities 
of the proteins in the pellets obtained from the isolation 
process. 5) represents a standard containing alpha and beta 
tubulins. The standard was used to ascertain the location 
of the alpha and beta tubulin bands. The extremely dark band 
in each of the first five columns represents the alpha and 
beta tubulins. All of the other bands represent non-
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Figure 2. 50S-gel electrophoresis of bovine brain proteins 
contained in the pellets of various centrifuga-
tions . Each pellet was re-suspended in modified 
microtubule medium. lOp is the 16, 300 x 9 
,?ellet . ISp is the 39,000 x 9 peU.e t and 35 p 
~s the 11~,OOO x 9 pe: lct. ROR-l,2,3, are pellets 
from th P. 110,000 x 9 spin after 1,2, and 3 
repol yrncrization-depolymerization-repolymerza_ 
tion cycle s. The bands represent high molecular 
weight proteins with the thickest band repre-
senting the a lpha and ~tubulins. 53 is a 
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tubulin proteins. In pellet RDR- 3 the alpha and beta 
tubulins arc somewhat separated. Repolymerization-depoly-
merization-repolymcrization was limited to three cycles on 
the supernatant from the 110,000 x g spin since most of the 
non-tubulin proteins had been elinu nated (Figure 2) and 
enough alpha and be ta tubulins still remained for experimen-
tal work. 
Binding Activity Assay 
The binding activity of each pellet is represe nte d in 
Fi9ure 3. Each point on the graph is an average of four 
different values taken within a one-week period. 
l ~~ graph shows that the RDR-3 pellet (hexagons) 
exhibited the hi ghes t binding activity after 75 min of 
incubation, followe d by Lhe 3Sp (squares) and finally the 
ISp (circles). Based on these results, the RDR-3 pellet or 
th e most purified microtubule preparation was chosen to be 
used throuqhout lhe course of th is st'.Jdy. Since the three 
different microtubule preparations exhibited maximum binding 
to radio-labeled colchicine at 75 min, this incubation per-
iod was chosen. 
Isolation of Tubulin- 3H-colchicine Complex 
The tubulin- 3H-colchi c ine complex was separated from 
free 3H-colchicine on a Sephadex G 100-120 column. The 
elution profile is shown in Figure 4. The graph shows two 
major peaks. The first peak, fraction 12 through 23, rep-
resents the tubulin- 3H-colchicine complex. It was eluted 
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Figure 3. )H-colchicine binding activity to tubulin from 
18p (circles), 35p (squares), and RDR- ) 
(hexagons) at IS-min intervals from 0 to 105 
~in. Incubation mixtures contained 0.15 ml 
"-col chicine ()O ~Ci) plus O.B ml of rc-
~uspended pe llets . 
30 45 80 90 1 Ii 
TIME MIN 
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Figure 4. C ~ ~tion profile of an ~ncubation mixture 
f!.·~!"Jsisting of 0.15 ml H-("olchicine (30 !J ei) 
and 0.3 ml p~ri f ied microtubules (RDR-3) 
f rem a Sephadex G 100-120 column after 
incub~tion for 75 min at 37°C. Fractions of 
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from the column faster due to its larger size. The second 
peak on the right, beginning at fraction 26 and endi ng at 
fraction 75, represents free or unbound )It-colchicine which 
was eluted slower from the column due to its smaller size. 
Irradiation of the Tubu:in- 3H-colchicine Complex 
Figure 5 represents the elution profile of a sample of 
tubulin- 3H-colchicine com~lex unexposed to UV radiation. 
The first peak represents the tubulin- 3H-colchicine complex 
and the one on the right represents free 3H-Colchicine. 
Exposure of the tubulin- 3H- colch \ci ne compl ex to UV radiation 
(254 nm) resulted in the dissociation of t he complex . The 
degree o f dissociation increased when exposure time was 
increased from 30 to 60 min and then to 90 min. The amount 
of colchicine dissociation was seen when the graph of each 
of the exposed samples was superimposed o nto the g raph of 
the control Or unexposed sample (Figures 6-8). 
Effect of UV Radiation on the Binding of the Tubulin- 3H-
Colchicine Complex to Microtubules 
Table 1 shows the effect of UV radiation on the bind-
ing of tubulin- 3H-colchicine complex to microtubules. The 
left column represents the amount of tubulin- 3H-colchicine 
binding to micro tubules in incubation mixtures which were 
exposed to UV radiation for 90 min after 75 min of in cuba-
tion. The right column represents the amount of binding 
in incubation mixtures which were not exposed to uv radiation 
after the incubation period . 
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Figuru i . Jlution profile of a 3-ml sample of tubulin -
II colchicine comple;: x unexposed to UV radia-
tion from a Sephadex G 100-120 column. 
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f J gure 6. 31ution profile of a 3- ml sample of tubulin-
H-colchicinp. compl ex after 30 min expos ure 
Lo CV radiation (hexagons) supe rimposed onto 
that of the control (squares). The y we re 
e lu ted f r om a Sephadex G 100-120 column and 
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Figure 7. llution profile of a 3-ml sample of tubulin-
H-~olchicine complex after 60 min exposure 
to UV radiation (circles) superimposed onto 
that of the control (squares). They were 
eluted from a Sephadex G 100-120 column; 
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Figure 8. :ilution profile of a 3-ml sample of tubulin-
II-C':c: lchicine complex after 90 min exposure 
to UV radiation (triangles) superimposed 
onto that of the control (squares); I-mi 
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The d3td were collected within a two-week period . Sta-
tistical analysis of the data was carried out using S tudent 
t t es t to determine whether or not there was any significant 
difference between the mean for each data column. 
Microtubule Disruption 
The r esults of microtubule disruption on the binding of 
the tubulin- 3H-colchicine complex to microtubules are shown 
in Table 2. Each treatment was repeated three t imes for the 
sonicated samples and four times for the syri nged samples. 
Sta t istical analysis, using one-way analysis of variance, 
was carried out to determine whether there were significant 
differences b .. '3 ;_~!?en the treated sample s and t he controls in 
t e rms of the leve~s of binding of tubulin- 3H- colchicine 
complex to micTotubles. 
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Table 1. Binding activities of incubation mixtures con-
sisting ~f 0.8 ml purified microtubules, 0.8 ml 
tubulin- H-colchicine complex, 0.71 ml glycerol, 
0.2 ml EGTA, 0.6 ml GTP, and 0 .3 4 ml MES. After 
a 75-min incubation period, some of the mixtures 
were exposed to UV radiation for 90 min (*) and 











Abbreviations: 3H- CLC_ radio-labeled colchicine; 
TB - tubulin; MT - microtubules ; 
• - UV irradiated samples 
Table 2. Binding activities of incubation mixtures con-
sisting of O.S ml of purified microtubules 
(disrupted either by sonication for 15 sec , 
30 sec, and 15 ~in or by syringing for 2 min). 
0 . 8 ml t ubulin- H-colchicine complex , 0.71 ml 
glycerol. 0.02 ml EGTA, 0.06 ml GTP, and 0.34 
ml MES. Con t rol (CON) equals non-disrupte d 
microtubules. 
SONICATION 
CON 15 Sec 30 Sec 15 Nin SYR 
420 420 430 420 705 
495 400 415 410 720 
445 430 420 420 690 
4!lO 705 
Abbreviations: CON - control samples; 
SYR - syringed samples 
35 
DISCUSSION 
The results of the 50S - gel e lectrophoresis (Figure 2) 
show that the beta and alpha tubulins differ in their elec-
trophoretic mobi lities. The difference was observed c learly 
in RDR-3 preparatio~ whe re the two tubulin bands we re 
separated . The separatio n of dlC two tubulins was the result 
of the action o f mercaptoethanol and 50S. Mercaptoe thanol 
was use d to r educe all disulfide bonds present in the proteins, 
and 50S was used to unrave l all intermolecular protein asso-
eiations by binding to all regions of the proteins. This 
lead to the dissociation of the tubulin dimers and each 
tubulin, as well as each of the other proteins, was in the 
form of a denatured polypeptide chain. The r e lati'#e mobil-
ity of each protein, therefore, was due to its molecular 
weight. Since earlier findings have shown that beta tubulin 
has greater electrophoretic mobi lity than alpha tubulin 
(Bryan and Wilson, 1971), it can be deduced that the lowe r 
band (fourth from the electrophoretic front) in RDR-3 was the 
beta tubulin band and the top band (fifth from the front) was 
the alpha tubulin band. 
The binding activity experiment showed that the level of 
binding activity exhibited by each pellet, when incubated 
with 3H-Colchicine, was determined by the degree of purity 
of the pellet. The most purified preparation, RDR-3 (hexa-
gona) , exhibited the highest level of binding, and the le;1st 
purified preparation, lap (circles ), exhibited the lowe st 
l e vel of binding (Fi g ure 3). The binding di f ference was 
attributed to the f act that the less purified pellets were 
contaminated with non-tubulin protei.ns which CQuid have 
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inter f ered with the binding interaction between the tubulin 
d ' d 3 h" l.mer an U-colc l.Cl.ne. The deg ree of purity of the 34p 
(squares) was greater than that of the lB p and l ess than that 
of the RDR-3. As expected, its l e vel of binding was b e twee n 
those of the lap and RDR-3. 
The elution profile shown i n Fig ure 5 contains two major 
peaks. The smaller peak (on the l ef t) r e presents the tubulin -
31t-colchicine complex a nd the larger one (on the rightl 
repre!:ents unbound 3H-c.:ulchicine. The separation of the s e 
two compounds was made possible by the ir different sizes. 
The tubulin- 3H-colchicine complex was larger than the free 
colchicine; therefore , th e large r molecule mig rated freely 
down the Sephadex column. The smaller molecule, on the 
other hand, was small enough to penetrate the ge l g ranules 
in the column which slowed down its migra tion, the reby 
causing a longer elution time from the column than the tubulin-
3H-Colchicine complex. 
The results of the tubulin - 3H-colchicine complex 
irradiation experiment showed that this complex was not 
stable to UV radiation (Figures 5- 8). This experiment showed 
that irradiation of the complex for 30 min caused dissoci-
ation of 25\ of the complex in the sample (Figure 6) . When 
irradiation time was increased to 60 min the amount of 
comp l e x dissociated was increas e d to 44 % (Fi g ure 7). A 
dissociation of 71 \ o f the tubulin- J II-colch i cine comp l e x 
was obse rve d whe n e xposure time t o {IV rad iation was in-
cre ased to 90 min (Fi g ure 9). The t o tal de cre ase in the 
area of the t.ubulin- J H- c olchicine comp l ex peak a fter 90 
min was app roxi mate ly eq ual t o the t otal inc reas e in the 
are a o f the 3H- Colchicine pe ak af t e r 90 mi n. Thi s was an 
indicat i on that the compl e x unde rwe nt dissociation into 
\I-colchicine and tubulin dimer . 
The s e findin g s a g r ee with t he r e sults o f ea rli e r studies 
that showed UV radiation a f fects the tubulin si t e on the 
tubulin dime r. For instance, Fo r e r (1966) showe d that 
irradiation o f the mitot i c s pindle with UV radiati on l e ad to 
the cessation of mitosis. His expe rimental finding s were 
supported by Bajer (1968) and Zirkle (1970) who showed that 
spinJ le microtubules disapp~ared within a few seconds after 
UV irradiation. These findin g s suggest that UV r adiation 
affects the tubulin binding site on the tubulin dimer. It 
can be deduced, therefore, that not only does UV radiation 
affect the tubulin binding site on the tubulin dimer but also 
the colchicine binding site. These results were substantiated 
by Amerhein and Fi!ner {l97J), who showed that irradiation of 
the tubulin- 3H-colchicine complex with UV radiation (366 rm) 
caused the conversion of colchicine to lumicolchicine, an 
inactive derivative, which is incapable of inhibiting micro-
tubule assembly, and also caused the destruction of part of the 
colchicine binding site. Figures 5-8 showed that dissociation 
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of t he comp l ex occurred upon UV irrad i a tion indicating that 
part of the co l c h icine binding site was probably affected . 
The r esults in Tab l e 1 s howed th a t t he tubulin- 3U-
colchicine complex could polymeri ze with intact microtubule s. 
Any bindin g activity l e ss t h a n 100 cpm would have i nd~ cated 
tha t no binding occurred, but since the bind ing activi t y 
in eac h of the incubation mi x tures exceeded 100 cpm, one can 
deduce tha t binding of the comp l ex to i ntact microtubules h a d 
occurred. These results agree with ear l ier research. which 
s howed that the tubu l in- \I-colchicine c omp l ex cou l d polyme rize 
with intact microt ubules (Toman a nd Pilner , 19 75). The poly-
mc ri zing a b i li t y of t h is comp l ex was a lso demonstrated by 
t wo studies whi ch showed that tubu l i n- 3H- co lch icine comp l exes 
could po lymerize , under t he same condition that promo t e s the 
assembly of mlcrotubules from tubulins , to form po lymers that 
are d i €ferent from mi crotubul~s (Andreu and Timasheff, 19 82: 
Sa l tarelli a nd Panta loni, 1982). 
It is evident i n Tab l e 1 that UV radiation st i ll caus~d 
di ssociat ion of the tubulin- ) H-colchicine complex even thoug h 
it wa s bound to microtubules p rior t o UV irradiation. The 
Student t t es t showed that the r e was a significant difference 
be tween the means of the two columns at the 0.05 level. This 
indicated that the amount of tubulin- 3H-colchicine complex 
dissocia t ion, as a l-esult of UV irradiation, was high. The 
value o f 2,985 in the right column is unusually larger than 
the other values indicating possible experimental error. To 
avoid any error in the statistical analysis, this value was 
not included. 
The results of the microtubule disruption experiment 
(Table 2) showed that the amount of binding of tubulin- 3H-
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colchicinp complex to microtubule s wa s grea t er in the syringed 
samples (SYR) than in the control samples (CON). One-way 
analysis o f variance with the use of a mea n s eparation 
technique (LSF) showed a si gnificant difference be tween t he 
means of the SYH and CON samples at the 0.05 level, which 
indicated that syringing of microtubules had a significant 
influence on the binding of tubulin- 3H-colchicine complex to 
microtubules . Syringing broke the intact microtubules into 
shorter segments thereby providing more binding sites for 
the tubul i n- 3H-colchicine comple x , whi c h indicated that t he 
binding of the complex occurred at the free ends of the 
microtubules. 
The sonicated samples, on the othe r hand, exhibited a 
binding leve l which was not significantly different from 
that of t he control samples. It can be recsoned that the 
sonicated samples did not exhibit higher binding activity 
than the controls because the microtubules in these samples 
were not disrupted by the frequency of sound waves used in 
the experime nt. The number of b inding sites in~e sonicated 
samples remained the same, and the binding activity 
exhibited in these samples was comparable tn that of the 
c ont rol samples. 
SUI1l'IARY 
1. Alpha and beta tubulins showed different elec-
trophoretic mobilities due to a slight differr nce in their 
molecular wejghts. 
2. Various microtubule preparations exhibited differ-
ent binding levels with 3H-Colchicine. The level of binding 
exhibited by each microtubule preparation depended upon its 
degree of purity. The purp.r samples exhibited higher bind-
ing than the less pure samples. 
3. The tubulin- 3H-colchicine complex was not stable 
to uv radiation (254 nm). UV radiation caused its dissoc-
iation which continued to progress as irradiation time 
increased. The stability of this complex was not enhanced 
upon its binding to i n tact microtubules prior to UV 
irradiation. 
4. The tubulin- JH-colchicine complex could polymeri~e 
with intact and disrupted microtubules. Disruption of micro-
tubules by syringing through a 27 G needle had a significant 
influence on complex binding to microtubules. Sonication of 
microtubules on the other hand did not enhance the binding 
of tubulin- 3H-colchicine to microtubules. 
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